Abstract By analyzing the interface defect loop nucleation and the interface disconnection expansion in dynamic simulations, the elementary migration process of coherent twin boundary of magnesium is identified to be independent unit cell reconstruction. The atomistic pathways of the unit cell reconstruction prove their collective behavior as a stochastic response to thermal fluctuation at a stressed state, and also the onset mechanism of interface disconnection gliding: predominant pureshuffle basal-prismatic transformation along with atomistic shear movements. The athermal shear strength, the migration barrier, the critical length of disconnection dipole and other parameters characterizing the thermal activation process are reported.
Introduction
Based on profuse investigations on the 101 2 twin (known as tension twin) in hexagonal close-packed metals [1] , recently researchers pointed out with substantial evidence and rigorous analysis, that 101 2 twin is shuffling-controlled at the nucleation stage [2, 3] . After the nucleation stage, the migration of CTB is a glide-shuffle mechanism which involves both shear and shuffle [1] . The interface disconnection with the same topological character of twinning dislocation on 101 2 CTB is responsible for this glide-shuffle mechanism [1] . The interface disconnection on 101 2 CTB has been widely confirmed in transmission electron microscopy (TEM) observations [4] [5] [6] [7] [8] , and the mobility of such disconnection is supported by atomistic simulations [9] [10] [11] [12] [13] [14] , which directly contributes to twin boundary migration. Well, this is not the whole story of 101 2 CTB migration. The widely accepted convention is, twinning dislocation strongly interacts with precipitates so that twins are pinned down, and in this way hardening is induced [15, 16] . But the interface disconnection on 101 2 CTB does not. In magnesium-based alloys, such precipitation hardening is surprisingly weak:
accompanied by interface disconnection gliding, tension twin engulves precipitates or even bypasses them [17] [18] [19] . Also in pure hexagonal close-packed (HCP) metals, 101 2 CTB deviates largely from the twinning plane [20] [21] [22] [23] [24] . In these deviated boundaries, basal/prismatic (BP) interface coexists with CTB confirmed by many TEM observation [6, 7, 20, [25] [26] [27] [28] . In atomistic simulations CTB and BP interface can transform into each other [11, 13, 29] . Specifically, BP interface is supposed to be strongly associated with atomic shuffling mechanism [3, 30, 31] . Therefore, researchers began to question the conventional glide-shuffle mechanism of the migration of 101 2 CTB [32] [33] [34] [35] [36] . Some believe that it is solely accomplished by atomic shuffling [35] . The atomic shuffling mechanism in the case of 101 2 twin particularly refers to basal-prismatic transformation [1, 30, 37] of HCP lattice, which leads directly to unit cell reconstruction (UCR) [20, 31, 33] of tension twin. Until now, a complete description and a unified theory for 101 2 CTB migration at different spatio-temporal scales are still not presented. By analyzing the migration process in dynamic simulations, this study examined the connection between UCR mechanism and interface disconnection gliding.
The uncovered connection is successfully testified by stress-dependent migration pathways of CTB on its potential energy surface (PES).
Simulation Methodology
The CTB migration in magnesium was investigated at 10 K by Molecular Dynamics (MD) and at 0 K by Molecular Statics (MS), adopting the EAM potential developed by Liu et al [38] . The simulation system contains 6.03 10 atoms, and the CTB could be considered infinite large since Periodic Boundary Condition (PBC) was applied along two in-plane directions. Therefore no surface effect exists. To find out the effects of simulation technique and eliminate them in the defect analysis, two ways of loading were adopted: displacing one of the outermost fixed atom layers to apply shear stress, and displacing all free atoms (sandwiched between the two fixed atom layers) to apply shear strain to the whole system. The strain rate in both loading ways is set to 3 10 s . We are not aiming to reproduce the CTB behavior at experimental strain rates and room temperature. Contrarily, extremely high strain rate in MD and low temperatures applied here are quite necessary to reveal the existence of different annihilated by each other, the migration process finishes (after Fig. 2(e) , not shown). On the x-y cross section of the CTB, the disconnection has the same topological character of 〈101 1 〉 twinning dislocation (TD) in TEM observations [1, 45] . The migration process is also the same as described in previous atomistic simulations [9, 13, 46] . Accompanied by increasing stress, new embryos nucleate on the migrated CTB ( Fig. 2(e) ). The migration mechanism described above is DG. In the other mechanism (ST in Fig. 3 ), migration in entirety requires that the CTB is full of embryos and the subsequent transition is cooperative. Lattice transformations took place uniformly across the CTB, without any disconnections throughout the process. Migration in this way definitely involves no dislocation mechanism. Embryo, as small as a single lattice, is a precursor to the transformation of HCP lattice, literally the UCR. Therefore the elementary migration process in both mechanisms is confirmed to be UCR. This is the first evidence used for our interpretation of CTB migration. The activation potential energy as a function of shear stress is plotted in Fig. 5(a) .
Liner fittings enable us to describe the stress dependency of the two migration mechanism. To be noted the calculated barrier is for a system with dimension of two CTB elements, so the intrinsic activation parameters can be gotten by the derived line Considering the temperature and strain rate effect, all the calculated values basically ensure the self-consistency within our model. Due to the unavoidable calculation inaccuracies, they are not preferred in precise comparisons, but valid for qualitative analysis. Apparently the existence of disconnection dipole makes the energy reduction less effective, the critical length of a dipole could be analyzed in thermodynamics (the pure mechanical factors are not considered). At stress of 688 MPa ( for disconnection dipole of two two-element CTB), energy reduction of simultaneous UCR is 0.041 eV.
Since the slopes of the two mechanisms (red and blue dash lines in Fig. 4(e) ) are quite the same, the 0.041 eV is supposed to be stress-independent, as well as the * =0.041 eV/2 =0.064 eV/nm. At a certain stress, the critical length of disconnection dipole in the unit of CTB element is * * * * 1 .
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). Therefore 101 2 CTB is thermally stable at room temperature or even higher. The shear stress along 〈101 1 〉 produces asymmetry of the barriers rendering directional bias to the embryo nucleation, and also makes the MEP favorable by system evolution. At stress below athermal strength, the Brownian motion of CTB at high temperature [39, 40, 53] is expected. At stress above athermal strength, CTB migration turns into pure stress-driven process. The nature of nucleation bias of embryos lies in the lattice transformation from parent to twin. Two misfit strain components are produced by the shear strain/stress loading [35] . Therefore, to accommodate the local misfit strains, the direction of CTB migration is certain and reflects on the bias of embryo nucleation.
Generally the stick-slip dynamics of CTB is characterized by a saw-tooth time/strain/grain-translation dependence of the stress and the motion in a stop-and-go manner: stress fluctuates periodically with equal peak values and CTB migrates to the nearest neighboring position in each slip event. This is not reflected well in Fig. 1 energy which is quite sensitive to stress/strain. Yet analytical approaches independent of activation energy needs to be applied here.
Conclusions
In conclusion, by investigations on the kinetics and MEPs of 101 2 CTB migration, we found the successive unit cell reconstruction mainly composed by atomic shuffling is the onset mechanism of the interface disconnection gliding, and the seemingly stochastic behavior of the elementary migration processes reflects the stress and temperature effects on activation parameters. Thus we describe the 101 2 CTB migration as following outlines:
1), Pure-shuffle basal-prismatic transformation along with shear movements intrinsically induced by c/a ratio constitutes the interface disconnection gliding.
2), Thermal activation of disconnection loop is the collective behavior of the elementary migration processes.
3), Shear stress makes unit cell reconstruction physically realizable not by reducing the energy barrier, but lowering the final energy state, and meantime, shorten the critical length of a disconnection dipole along 〈101 1 〉 direction.
Overall, the intrinsic shuffling mechanism and the efficacy of mobile interface disconnection are both included in one framework presented in this article. Atomic simulations at realistic laboratory strain rates and free energy calculations can be available soon, providing more conclusive evidence.
